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(57) ABSTRACT

Three support members made of silicon carbide are provided
fixedly on an inner periphery of the support ring. The support
members are inclined at an angle in the range of 15 to 30
degrees with respect to a horizontal plane. With an outer
peripheral edge of a semiconductor wafer supported by the
three support members, a heating treatment is performed by
irradiating the semiconductor wafer with halogen light from
halogen lamps. Silicon carbide absorbs the halogen light
better than quartz. The support members support the outer
peripheral edge of the semiconductor wafer in point contact-
ing relationship, so that the contact between a holder and the
semiconductor wafer is minimized. This minimizes the dis-
order of the temperature distribution of the semiconductor
wafer due to the support members to achieve the uniform
heating of the semiconductor wafer.

8 Claims, 21 Drawing Sheets
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HEAT TREATMENT APPARATUS FOR
HEATING SUBSTRATE BY IRRADIATING
SUBSTRATE WITH FLASH OF LIGHT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a heat treatment apparatus
for heating a thin plate-like precision electronic substrate
such as a semiconductor wafer and a glass substrate for a
liquid crystal display device (hereinafter referred to simply as
a “substrate”) by irradiating the substrate with a flash of light.

2. Description of the Background Art

In the process of manufacturing a semiconductor device,
impurity doping is an essential step for forming a pn junction
in a semiconductor wafer. At present, it is common practice to
perform impurity doping by an ion implantation process and
a subsequent annealing process. The ion implantation process
is a technique for causing ions of impurity elements such as
boron (B), arsenic (As) and phosphorus (P) to collide against
the semiconductor wafer with high acceleration voltage,
thereby physically implanting the impurities into the semi-
conductor wafer. The implanted impurities are activated by
the subsequent annealing process. When annealing time in
this annealing process is approximately several seconds or
longer, the implanted impurities are deeply diffused by heat.
This results in a junction depth much greater than a required
depth, which might constitute a hindrance to good device
formation.

In recent years, attention has been given to flash lamp
annealing (FLLA) that is an annealing technique for heating a
semiconductor wafer in an extremely short time. The flash
lamp annealing is a heat treatment technique in which xenon
flash lamps (the term “flash lamp™ as used hereinafter refers to
a “xenon flash lamp”) are used to irradiate a surface of a
semiconductor wafer with a flash of light, thereby raising the
temperature of only the surface of the semiconductor wafer
implanted with impurities in an extremely short time (several
milliseconds or less).

The xenon flash lamps have a spectral distribution of radia-
tion ranging from ultraviolet to near-infrared regions. The
wavelength of light emitted from the xenon flash lamps is
shorter than that of light emitted from conventional halogen
lamps, and approximately coincides with a fundamental
absorption band of a silicon semiconductor wafer. Thus,
when a semiconductor wafer is irradiated with a flash of light
emitted from the xenon flash lamps, the temperature of the
semiconductor wafer can be raised rapidly, with only a small
amount of light transmitted through the semiconductor wafer.
Also, it has turned out that flash irradiation, that is, the irra-
diation of a semiconductor wafer with a flash of light in an
extremely short time of several milliseconds or less allows a
selective temperature rise only near the surface of the semi-
conductor wafer. Therefore, the temperature rise in an
extremely short time with the xenon flash lamps allows only
the activation of impurities to be achieved without deep dif-
fusion of the impurities.

A heat treatment apparatus which employs such xenon
flash lamps is disclosed in U.S. Patent Application Publica-
tion No. 2009/0175605 in which flash lamps are disposed on
the front surface side of a semiconductor wafer and halogen
lamps are disposed on the back surface side thereof so that a
desired heat treatment is performed using a combination of
these lamps. In the heat treatment apparatus disclosed in U.S.
Patent Application Publication No. 2009/0175605, a semi-
conductor wafer held on a susceptor is preheated to a certain
degree of temperature by the halogen lamps. Thereafter, the
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temperature of the semiconductor wafer is raised to a desired
treatment temperature by flash irradiation from the flash
lamps.

The heat treatment apparatus disclosed in U.S. Patent
Application Publication No. 2009/0175605 includes a quartz
plate for holding a semiconductor wafer during the flash
irradiation. The quartz plate has an opening provided for a
radiation therometer to measure the temperature of the semi-
conductor wafer therethrough. The temperature of the semi-
conductor wafer during the preheating is lower in a region
lying immediately over the opening than in other regions.
Also, the decrease in temperature is prone to occur in a
peripheral portion of the semiconductor wafer during the
preheating using the halogen lamps. As a result of these facts,
a problem has arisen in which the in-plane temperature dis-
tribution of the semiconductor wafer is nonuniform during
the flash irradiation.

In the heat treatment apparatus as disclosed in U.S. Patent
Application Publication No. 2009/0175605, preheating prior
to flash heating is performed by irradiating a semiconductor
wafer held on a susceptor made of quartz with halogen light
from the halogen lamps. When the temperature of the semi-
conductor wafer is increased during the preheating, the tem-
perature of the susceptor that holds the semiconductor wafer
does not increase so much because quartz allows halogen
light to pass therethrough. This causes variations in tempera-
ture distribution such that the temperature of the semiconduc-
tor wafer is decreased, in particular, near a portion thereof in
contact with the susceptor and in a peripheral portion thereof.

To prevent such variations, it is contemplated that a tem-
perature equalizing ring made of, for example, silicon carbide
the temperature of which is increased by absorbing halogen
light is used to support a semiconductor wafer. However, if
the temperature equalizing ring made of silicon carbide is
used in a flash lamp annealer, only the front surface of the
temperature equalizing ring is heated by the flash irradiation,
so that the temperature of the front surface of the temperature
equalizing ring increases abruptly. The thermal expansion of
the front surface of the semiconductor wafer at that time
causes warpage to occur, resulting in vibrations of the tem-
perature equalizing ring. When the energy of a flash of light
for irradiation is increased, the temperature equalizing ring
vibrates violently to jump up in some cases. The vibrations
and jumping of the temperature equalizing ring give rise to
problems in which particles are created by the sliding move-
ment of the temperature equalizing ring on a semiconductor
wafer and in a chamber and in which the temperature equal-
izing ring can no longer hold a semiconductor wafer because
of the misregistration thereof.

SUMMARY OF THE INVENTION

The present invention is intended for a heat treatment appa-
ratus for heating a substrate by irradiating the substrate with
a flash of light.

According to one aspect of the present invention, the heat
treatment apparatus comprises: a chamber for receiving a
substrate therein; a holder for holding the substrate in the
chamber, the holder including a plurality of support members
for supporting an outer peripheral edge of the substrate, the
support members being made of a material selected from the
group consisting of silicon carbide, aluminum nitride, graph-
ite coated with silicon carbide, and silicon nitride; a flash
lamp for irradiating a first surface of the substrate held by the
holder with a flash of light; a halogen lamp for irradiating a
second surface of the substrate held by the holder with light;
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and a temperature measuring part for measuring the tempera-
ture of the substrate heated by the irradiation with light from
the halogen lamp.

The heat treatment apparatus minimizes the disorder of the
temperature distribution of the substrate due to the support
members to achieve the uniform heating of the substrate.
Also, there is an open space under the substrate. This facili-
tates the measurement of the temperature of the substrate with
the temperature measuring patt.

Preferably, each of the support members includes a first
support inclined obliquely downwardly from the outside of
the substrate toward the center thereof and abutting against
the outer peripheral edge of the substrate.

This prevents the substrate from sliding sideways during
the heat treatment.

Preferably, the heat treatment apparatus further comprises
an annular member surrounding the substrate in non-contact-
ing relationship, the annular member being made of a mate-
rial selected from the group consisting of silicon carbide,
aluminum nitride, graphite coated with silicon carbide, and
silicon nitride.

This prevents the temperature decrease of a peripheral
portion of the substrate, thereby to achieve the more uniform
heating of the substrate.

Preferably, the heat treatment apparatus further comprises
a pressure maintaining part for maintaining the gas pressure
in the chamber at a pressure in the range of 50 to 500 Pa.

Thus, no heat convection occurs in the chamber. This pre-
vents the temperature decrease, in particular, of an outer edge
portion of the substrate resulting from the convection, thereby
to achieve the more uniform heating of the substrate.

According to another aspect of the present invention, the
heat treatment apparatus comprises: a chamber for receiving
a substrate therein; a flash lamp for irradiating a first surface
of the substrate held in the chamber with a flash of light; a
halogen lamp for irradiating a second surface of the substrate
with light; and a temperature equalizing ring abutting against
or in close proximity to an edge portion of the substrate to
surround the edge portion, the temperature equalizing ring
including an annular portion and a reinforcing portion, the
annular portion having an inner peripheral edge abutting
against or in close proximity to the edge portion of the sub-
strate, the annular portion being parallel to a main surface of
the substrate, the reinforcing portion being provided in con-
tinuation to an outer peripheral edge of the annular portion,
the reinforcing portion forming an angle greater than 0
degrees and less than 180 degrees with the annular portion.

If deforming stresses resulting from thermal expansion are
exerted on the annular portion during the flash irradiation, the
reinforcing portion provided at a predetermined angle with
respect to the annular portion suppresses the deformation of
the annular portion. This significantly suppresses the vibra-
tions and jumping of the temperature equalizing ring during
the flash irradiation to prevent the creation of particles and
also to prevent the misregistration of the temperature equal-
izing ring.

Preferably, the heat treatment apparatus further comprises
a support ring provided fixedly on an inner wall of the cham-
ber, the temperature equalizing ring being fitted on the sup-
port ring.

This prevents the misregistration of the temperature equal-
izing ring with reliability if the temperature equalizing ring
vibrates slightly during the flash irradiation.

Preferably, the heat treatment apparatus further comprises:
a support ring provided fixedly on an inner wall of the cham-
ber and having a flat portion parallel to the main surface of the
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substrate; and a protrusion provided on the flat portion and
supporting the annular portion at a distance of not more than
2 mm from the flat portion.

A sticking effect during the flash irradiation exerts a force
sticking to the flat portion of the support ring on the tempera-
ture equalizing ring to suppress the vibrations of the tempera-
ture equalizing ring with higher reliability.

Preferably, the temperature equalizing ring includes a first
flat portion extending from the reinforcing portion in a direc-
tion opposite from the annular portion and parallel to the main
surface of the substrate, and the heat treatment apparatus
further comprises: a support ring provided fixedly on an inner
wall of the chamber and having a second flat portion parallel
to the main surface of the substrate; and a protrusion provided
on the second flat portion and supporting the first flat portion
at a distance of not more than 2 mm from the second flat
portion.

The sticking effect during the flash irradiation exerts a
force sticking to the second flat portion of the support ring on
the temperature equalizing ring to suppress the vibrations of
the temperature equalizing ring with higher reliability.

Preferably, the heat treatment apparatus further comprises
a light shielding member for shielding at least part of the
temperature equalizing ring against a flash of light.

This reduces the thermal expansion itself of the annular
portion during the flash irradiation to suppress the vibrations
of the temperature equalizing ring with higher reliability.

It is therefore an object of the present invention to heat a
substrate uniformly.

It is another object of the present invention to suppress
vibrations of a temperature equalizing ring during flash irra-
diation.

These and other objects, features, aspects and advantages
of'the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view showing a configu-
ration of a heat treatment apparatus according to the present
invention;

FIG. 2 is a perspective view showing the entire external
appearance of a holder;

FIG. 3 is an external perspective view of a support member
according to a first preferred embodiment of the present
invention;

FIG. 4 is a view schematically showing a semiconductor
wafer held by the holder according to the first preferred
embodiment;

FIG. 5 is a plan view of a transfer mechanism;

FIG. 6 is a side view of the transfer mechanism;

FIG. 7 is a plan view showing an arrangement of halogen
lamps;

FIG. 8 is a flow diagram showing a procedure for treatment
of'a semiconductor wafer in the heat treatment apparatus of
FIG. 1,

FIG. 9 is an external perspective view of a support member
according to a second preferred embodiment of the present
invention;

FIG. 10 is a view schematically showing a semiconductor
wafer held by the holder according to the second preferred
embodiment;

FIG. 11 is a perspective view of support members and a
temperature equalizing ring according to a third preferred
embodiment of the present invention;



US 9,330,949 B2

5

FIGS.12A t0 12C and FIG. 13 are perspective views show-
ing other examples of the support members;

FIG. 14 is a longitudinal sectional view showing a configu-
ration of a heat treatment apparatus according to a fourth
preferred embodiment of the present invention;

FIG. 15 is a perspective view of a temperature equalizing
ring according to the fourth preferred embodiment;

FIG. 16 is a side view of a holder holding a semiconductor
wafer;

FIG. 17 is a flow diagram showing a procedure for treat-
ment of a semiconductor wafer in the heat treatment appara-
tus according to the fourth preferred embodiment;

FIG. 18 is a side view of the holder according to a fifth
preferred embodiment of the present invention;

FIG. 19 is a side view of the holder according to a sixth
preferred embodiment of the present invention;

FIG. 20 is a longitudinal sectional view showing a configu-
ration of a heat treatment apparatus according to a seventh
preferred embodiment of the present invention; and

FIG. 21 is a side view of the holder according to an eighth
preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments according to the present invention
will now be described in detail with reference to the drawings.

First Preferred Embodiment

FIG. 1 is a longitudinal sectional view showing a configu-
ration of a heat treatment apparatus 1 according to the present
invention. The heat treatment apparatus 1 according to a first
preferred embodiment of the present invention is a flash lamp
annealer for irradiating a disk-shaped semiconductor wafer
W having a diameter of 300 mm and serving as a substrate
with a flash of light to heat the semiconductor wafer W. A
semiconductor wafer W prior to the transport into the heat
treatment apparatus 1 is implanted with impurities. The heat
treatment apparatus 1 performs a heating treatment on the
semiconductor wafer W to thereby activate the impurities
implanted in the semiconductor wafer W. In FIG. 1 and the
subsequent figures, the dimensions of components and the
number of components are shown in exaggeration or in sim-
plified form, as appropriate, for the sake of easier understand-
ing.

The heat treatment apparatus 1 includes a chamber 6 for
receiving a semiconductor wafer W therein, a flash heating
part 5 including a plurality of built-in flash lamps FL, a
halogen heating part 4 including a plurality of built-in halo-
gen lamps HL, and a shutter mechanism 2. The flash heating
part5 is provided over the chamber 6, and the halogen heating
part 4 is provided under the chamber 6. The heat treatment
apparatus 1 further includes a holder 7 provided inside the
chamber 6 and for holding a semiconductor wafer W in a
horizontal attitude, and a transfer mechanism 10 provided
inside the chamber 6 and for transferring a semiconductor
wafer W between the holder 7 and the outside of the heat
treatment apparatus 1. The heat treatment apparatus 1 further
includes a controller 3 for controlling operating mechanisms
provided in the shutter mechanism 2, the halogen heating part
4, the flash heating part 5, and the chamber 6 to cause the
operating mechanisms to heat-treat a semiconductor wafer W.

The chamber 6 is configured such that upper and lower
chamber windows 63 and 64 made of quartz are mounted to
the top and bottom, respectively, of a tubular chamber side
portion 61. The chamber side portion 61 has a generally
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tubular shape having an open top and an open bottom. The
upper chamber window 63 is mounted to block the top open-
ing of the chamber side portion 61, and the lower chamber
window 64 is mounted to block the bottom opening thereof.
The upper chamber window 63 forming the ceiling of the
chamber 6 is a disk-shaped member made of quartz, and
serves as a quartz window that transmits flashes of light
emitted from the flash heating part 5 therethrough into the
chamber 6. The lower chamber window 64 forming the floor
of the chamber 6 is also a disk-shaped member made of
quartz, and serves as a quartz window that transmits light
emitted from the halogen heating part 4 therethrough into the
chamber 6.

An upper reflective ring 68 is mounted to an upper portion
of the inner wall surface of the chamber side portion 61, and
a lower reflective ring 69 is mounted to a lower portion
thereof. Both of the upper and lower reflective rings 68 and 69
are in the form of an annular ring. The upper reflective ring 68
is mounted by being inserted downwardly from the top of the
chamber side portion 61. The lower reflective ring 69, on the
other hand, is mounted by being inserted upwardly from the
bottom of the chamber side portion 61 and fastened with
screws not shown. In other words, the upper and lower reflec-
tive rings 68 and 69 are removably mounted to the chamber
side portion 61. An interior space of the chamber 6, i.e. a
space surrounded by the upper chamber window 63, the lower
chamber window 64, the chamber side portion 61, and the
upper and lower reflective rings 68 and 69, is defined as a heat
treatment space 65.

A recessed portion 62 is defined in the inner wall surface of
the chamber 6 by mounting the upper and lower reflective
rings 68 and 69 to the chamber side portion 61. Specifically,
the recessed portion 62 is defined which is surrounded by a
middle portion of the inner wall surface of the chamber side
portion 61 where the reflective rings 68 and 69 are not
mounted, a lower end surface of the upper reflective ring 68,
and an upper end surface of the lower reflective ring 69. The
recessed portion 62 is provided in the form of a horizontal
annular ring in the inner wall surface of the chamber 6, and
surrounds the holder 7 which holds a semiconductor wafer W.

The chamber side portion 61, and the upper and lower
reflective rings 68 and 69 are made of a metal material (e.g.,
stainless steel) with high strength and high heat resistance.
The inner peripheral surfaces of the upper and lower reflective
rings 68 and 69 are provided as mirror surfaces by electrolytic
nickel plating.

The chamber side portion 61 is provided with a transport
opening (throat) 66 for the transport of a semiconductor wafer
W therethrough into and out of the chamber 6. The transport
opening 66 is openable and closable by a gate valve 185. The
transport opening 66 is connected in communication with an
outer peripheral surface of the recessed portion 62. Thus,
when the transport opening 66 is opened by the gate valve
185, a semiconductor wafer W is allowed to be transported
through the transport opening 66 and the recessed portion 62
into and out of the heat treatment space 65. When the trans-
port opening 66 is closed by the gate valve 185, the heat
treatment space 65 in the chamber 6 is an enclosed space.

An O-ring not shown is inserted between each of the upper
and lower chamber windows 63 and 64 and the chamber side
portion 61. An O-ring is also inserted between the gate valve
185 and the transport opening 66 when the transport opening
66 is closed by the gate valve 185. Thus, when the transport
opening 66 is closed by the gate valve 185, the heat treatment
space 65 in the chamber 6 is sealed off from the outside of the
heat treatment apparatus 1. This allows the pressure in the
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heat treatment space 65 to increase to atmospheric pressure or
higher and to decrease to a vacuum atmosphere.

At least one gas supply opening 81 for supplying an inert
gas (in this preferred embodiment, nitrogen (N,) gas) there-
through into the heat treatment space 65 is provided in an
upper portion of the inner wall of the chamber 6. The gas
supply opening 81 is provided above the recessed portion 62,
and may be provided in the upper reflective ring 68. The gas
supply opening 81 is connected in communication with a gas
supply pipe 83 through a buffer space 82 provided in the form
of'an annular ring inside the side wall of the chamber 6. The
gas supply pipe 83 is connected to a nitrogen gas supply
source 85. A valve 84 is inserted at some midpoint in the gas
supply pipe 83. When the valve 84 is opened, nitrogen gas is
fed from the nitrogen gas supply source 85 to the buffer space
82. The nitrogen gas flowing in the buffer space 82 flows in a
spreading manner within the buffer space 82 whichislowerin
fluid resistance than the gas supply opening 81, and is sup-
plied through the gas supply opening 81 into the heat treat-
ment space 65.

On the other hand, at least one gas exhaust opening 86 for
exhausting a gas from the heat treatment space 65 is provided
in a lower portion of the inner wall of the chamber 6. The gas
exhaust opening 86 is provided below the recessed portion 62,
and may be provided in the lower reflective ring 69. The gas
exhaust opening 86 is connected in communication with a gas
exhaust pipe 88 through a buffer space 87 provided in the
form of an annular ring inside the side wall of the chamber 6.
The gas exhaust pipe 88 is connected to an exhaust part 190.
The exhaust part 190 includes a dry pump and a throttle valve,
for example. A valve 89 is inserted at some midpoint in the gas
exhaust pipe 88. When the dry pump of the exhaust part 190
is actuated while the valve 89 is open, the gas in the heat
treatment space 65 is exhausted through the gas exhaust open-
ing 86 and the buffer space 87 to the gas exhaust pipe 88. The
flow rate of the exhausted gas is regulated by the throttle valve
of'the exhaust part 190. The at least one gas supply opening 81
and the at least one gas exhaust opening 86 may include a
plurality of gas supply openings 81 and a plurality of gas
exhaust openings 86, respectively, arranged in a circumfer-
ential direction of the chamber 6, and may be in the form of
slits.

A gas exhaust pipe 191 for exhausting the gas from the heat
treatment space 65 is also connected to a distal end of the
transport opening 66. The gas exhaust pipe 191 is connected
through a valve 192 to the exhaust part 190. By opening the
valve 192, the gas in the chamber 6 is exhausted through the
transport opening 66.

FIG. 2 is a perspective view showing the entire external
appearance of the holder 7. The holder 7 includes a base ring
71, a support ring 72, and a plurality of support members 75.
The support ring 72 is a plate-like member in the shape of an
annular ring made of quartz, and has an inside diameter
greater than the diameter (300 mm) of the semiconductor
wafer W. The base ring 71 is an annular ring-shaped member
identical in shape with the support ring 72 and made of quartz.
The base ring 71 and the support ring 72 are coupled to each
other with a plurality of (in this preferred embodiment, three)
coupling members 73. For example, quartz members having
the shape of a prism may be used as the coupling members 73.
Thebase ring 71 and the support ring 72 coupled to each other
are opposed to each other so that their central axes coincide
with each other.

The support members 75 are provided fixedly on the inner
periphery of the support ring 72. The number of support
members 75 provided on the support ring 72 is in the range of
3 to 12. In the first preferred embodiment, three support
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members 75 are spaced 120 degrees apart from each other
along the inner periphery of the support ring 72. FIG. 3 is an
external perspective view of such a support member 75. Each
of the support members 75 according to the first preferred
embodiment is a member having a cylindrical shape and
made of silicon carbide (SiC). Sintered SiC may be used for
the support members 75.

FIG. 4 is a view schematically showing a semiconductor
wafer W held by the holder 7. The base ring 71 is provided
fixedly on the wall surface of the chamber 6 by being fixed
and mounted on the bottom surface of the recessed portion 62
(with reference to FIG. 1). An example of the technique of
fixedly providing the base ring 71 in the chamber 6 includes
fixing the base ring 71 on the bottom surface of the recessed
portion 62 with pins. The base ring 71 is fixed and mounted in
the chamber 6, whereby the entire holder 7 including the
support ring 72 and the three support members 75 is provided
fixedly in the chamber 6.

Each of the support members 75 is provided on the support
ring 72 so that the axis of the cylindrical shape thereof is
inclined obliquely downwardly from the outside of the semi-
conductor wafer W to be held toward the center thereof. The
support members 75 form an angle o in the range of 15 to 30
degrees with a horizontal plane. In other words, the support
members 75 are inclined at an angle in the range of 15 to 30
degrees with respect to a horizontal plane. As shown in FIG.
4, the outer peripheral edge of the semiconductor wafer W is
supported at three points by the peripheral surfaces of the
three support members 75 provided on the support ring 72.
Specifically, the three inclined support members 75 abut
against the outer peripheral edge of the semiconductor wafer
W, and support the outer peripheral edge of the semiconduc-
tor wafer W in a horizontal attitude (an attitude such that the
normal to the semiconductor wafer W coincides with a ver-
tical direction) at three points. The vertical position of the
semiconductor wafer W supported by the three support mem-
bers 75 is slightly lower than that of the support ring 72.

A radiation thermometer 120 is provided in the chamber 6.
The radiation thermometer 120 is capable of receiving radiant
light (infrared light) emitted from the lower surface of the
semiconductor wafer W supported by the three support mem-
bers 75 to measure the temperature of the semiconductor
wafer W. The semiconductor wafer W is supported at its outer
peripheral edge by the three support members 75, and the
inside of the base ring 71 in the shape of an annular ring is
open. This enables the radiation thermometer 120 to receive
the radiant light emitted from the lower surface of the semi-
conductor wafer W with reliability.

FIG. 5 is a plan view of the transfer mechanism 10. FIG. 6
is a side view of the transfer mechanism 10. The transfer
mechanism 10 includes a pair of transfer arms 11. The trans-
fer arms 11 are of an arcuate configuration extending substan-
tially along the annular recessed portion 62. Each of the
transfer arms 11 includes a pair of lift pins 12 mounted
upright thereon. The transfer arms 11 are pivotable by a
horizontal movement mechanism 13. The horizontal move-
ment mechanism 13 moves the pair of transfer arms 11 hori-
zontally between a transfer operation position (a position
indicated by solid lines in FIG. 5) in which a semiconductor
wafer W is transferred to and from the holder 7 and a retracted
position (a position indicated by dash-double-dot lines in
FIG. 5) in which the transfer arms 11 do not overlap the
semiconductor wafer W held by the holder 7 as seen in plan
view. The horizontal movement mechanism 13 may be of the
type which causes individual motors to pivot the transfer arms
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11 respectively or of the type which uses a linkage mecha-
nism to cause a single motor to pivot the pair of transfer arms
11 in cooperative relation.

The transfer arms 11 are moved upwardly and downwardly
together with the horizontal movement mechanism 13 by an
elevating mechanism 14. As the elevating mechanism 14
moves up the pair of transfer arms 11 in their transfer opera-
tion position, the four lift pins 12 in total pass through the
inside space of the holder 7 until the upper ends of the lift pins
12 reach a vertical position above the upper surface of the
support ring 72. On the other hand, as the elevating mecha-
nism 14 moves down the pair of transfer arms 11 in their
transfer operation position to move the lift pins 12 below the
base ring 71 and the horizontal movement mechanism 13
moves the pair of transfer arms 11 so as to open the transfer
arms 11, the transfer arms 11 move to their retracted position.
An exhaust mechanism not shown is also provided near the
location where the drivers (the horizontal movement mecha-
nism 13 and the elevating mechanism 14) of the transfer
mechanism 10 are provided, and is configured to exhaust an
atmosphere around the drivers of the transfer mechanism 10
to the outside of the chamber 6.

Referring again to FIG. 1, the flash heating part 5 provided
over the chamber 6 includes an enclosure 51, a light source
provided inside the enclosure 51 and including the multiple
(in this preferred embodiment, 30) xenon flash lamps FL, and
a reflector 52 provided inside the enclosure 51 so as to cover
the light source from above. The flash heating part 5 further
includes a lamp light radiation window 53 mounted to the
bottom of the enclosure 51. The lamp light radiation window
53 forming the floor of the flash heating part 5 is a plate-like
quartz window made of quartz. The flash heating part 5 is
provided over the chamber 6, whereby the lamp light radia-
tion window 53 is opposed to the upper chamber window 63.
The flash lamps FL direct a flash of light from over the
chamber 6 through the lamp light radiation window 53 and
the upper chamber window 63 toward the heat treatment
space 65.

The flash lamps FL, each of which is a rod-shaped lamp
having an elongated cylindrical shape, are arranged in a plane
so that the longitudinal directions of the respective flash
lamps FL are in parallel with each other along a main surface
of'a semiconductor wafer W held by the holder 7 (that is, in a
horizontal direction). Thus, a plane defined by the arrange-
ment of the flash lamps FL is also a horizontal plane.

Each of the xenon flash lamps FL includes a rod-shaped
glass tube (discharge tube) containing xenon gas sealed
therein and having positive and negative electrodes provided
on opposite ends thereof and connected to a capacitor, and a
trigger electrode attached to the outer peripheral surface of
the glass tube. Because the xenon gas is electrically insula-
tive, no current flows in the glass tube in a normal state even
if electrical charge is stored in the capacitor. However, if a
high voltage is applied to the trigger electrode to produce an
electrical breakdown, electricity stored in the capacitor flows
momentarily in the glass tube, and xenon atoms or molecules
are excited at this time to cause light emission. Such a xenon
flash lamp FL has the property of being capable of emitting
extremely intense light as compared with a light source that
stays lit continuously such as a halogen lamp HL because the
electrostatic energy previously stored in the capacitor is con-
verted into an ultrashort light pulse ranging from 0.1 to 100
milliseconds.

The reflector 52 is provided over the plurality of flash
lamps FL so as to cover all of the flash lamps FL. A funda-
mental function of the reflector 52 is to reflect flashes of light
emitted from the plurality of flash lamps FL toward the heat
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treatment space 65. The reflector 52 is a plate made of an
aluminum alloy. A surface of the reflector 52 (a surface which
faces the flash lamps FL) is roughened by abrasive blasting.

The multiple (in the present preferred embodiment, 40)
halogen lamps HL are incorporated in the halogen heating
part 4 provided under the chamber 6. The halogen lamps HL
direct light from under the chamber 6 through the lower
chamber window 64 toward the heat treatment space 65. FIG.
7 is a plan view showing an arrangement of the multiple
halogen lamps HL. In the present preferred embodiment, 20
halogen lamps HL are arranged in an upper tier, and 20
halogen lamps HL are arranged in a lower tier. Each of the
halogen lamps HL is a rod-shaped lamp having an elongated
cylindrical shape. The 20 halogen lamps HL in the upper tier
and the 20 halogen lamps HL in the lower tier are arranged so
that the longitudinal directions thereof are in parallel with
each other along a main surface of a semiconductor wafer W
held by the holder 7 (that is, in a horizontal direction). Thus,
a plane defined by the arrangement of the halogen lamps HL.
in each of the upper and lower tiers is also a horizontal plane.

As shown in FIG. 7, the halogen lamps HL in each of the
upper and lower tiers are disposed at a higher density in a
region opposed to the peripheral portion of the semiconductor
wafer W held by the holder 7 than in a region opposed to the
central portion thereof. In other words, the halogen lamps HL.
in each of the upper and lower tiers are arranged at shorter
intervals near the edges of the lamp arrangement than in the
central portion thereof. This allows a greater amount of light
to impinge upon the peripheral portion of the semiconductor
wafer W where a temperature decrease is prone to occur when
the semiconductor wafer W is heated by the irradiation
thereof with light from the halogen heating part 4.

The group of halogen lamps HL in the upper tier and the
group of halogen lamps HL in the lower tier are arranged to
intersect each other in a lattice pattern. In other words, the 40
halogen lamps HL in total are disposed so that the longitudi-
nal direction of the halogen lamps HL in the upper tier and the
longitudinal direction of the halogen lamps HL in the lower
tier are orthogonal to each other.

Each of the halogen lamps HL is a filament-type light
source which passes current through a filament disposed in a
glass tube to make the filament incandescent, thereby emit-
ting light. A gas prepared by introducing a halogen element
(iodine, bromine and the like) in trace amounts into an inert
gas such as nitrogen, argon and the like is sealed in the glass
tube. The introduction of the halogen element allows the
temperature of the filament to be set at a high temperature
while suppressing a break in the filament. Thus, the halogen
lamps HL have the properties of having a longer life than
typical incandescent lamps and being capable of continu-
ously emitting intense light. In addition, the halogen lamps
HL, which are rod-shaped lamps, have a long life. The
arrangement of the halogen lamps HL in a horizontal direc-
tion provides good efficiency of radiation toward the semi-
conductor wafer W provided over the halogen lamps HL..

Also as shown in FIG. 1, the heat treatment apparatus 1
includes the shutter mechanism 2 provided alongside the
halogen heating part 4 and the chamber 6. The shutter mecha-
nism 2 includes a shutter plate 21, and a sliding drive mecha-
nism 22. The shutter plate 21 is a plate opaque to halogen light
(light from a halogen light source), and is made of titanium
(Ti), for example. The sliding drive mechanism 22 causes the
shutter plate 21 to slidably move in a horizontal direction,
thereby bringing the shutter plate 21 into and out of a light
shielding position lying between the halogen heating part 4
and the heat treatment space 65. When the sliding drive
mechanism 22 moves the shutter plate 21 forward, the shutter
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plate 21 is inserted into the light shielding position (a position
indicated by dash-double-dot lines in FIG. 1) lying between
the chamber 6 and the halogen heating part 4 to provide
isolation between the lower chamber window 64 and the
plurality of halogen lamps HL. Thus, light directed from the
plurality of halogen lamps HL toward the heat treatment
space 65 is intercepted. On the other hand, when the sliding
drive mechanism 22 moves the shutter plate 21 backward, the
shutter plate 21 is retracted from the light shielding position
lying between the chamber 6 and the halogen heating part 4 to
open the space lying under the lower chamber window 64.

The controller 3 controls the aforementioned various oper-
ating mechanisms provided in the heat treatment apparatus 1.
The controller 3 is similar in hardware configuration to a
typical computer. Specifically, the controller 3 includes a
CPU for performing various computation processes, a ROM
or read-only memory for storing a basic program therein, a
RAM or readable/writable memory for storing various pieces
of'information therein, and a magnetic disk for storing control
software, data and the like therein. The CPU in the controller
3 executes a predetermined processing program, whereby the
processes in the heat treatment apparatus 1 proceed.

The heat treatment apparatus 1 further includes, in addition
to the aforementioned components, various cooling struc-
tures to prevent an excessive temperature rise in the halogen
heating part 4, the flash heating part 5 and the chamber 6
because of the heat energy generated from the halogen lamps
HL and the flash lamps FL. during the heat treatment of a
semiconductor wafer W. As an example, a water cooling tube
(not shown) is provided in the walls of the chamber 6. Also,
the halogen heating part 4 and the flash heating part 5 have an
air cooling structure for forming a gas flow therein to exhaust
heat. Air is supplied to a gap between the upper chamber
window 63 and the lamp light radiation window 53 to cool
down the flash heating part 5 and the upper chamber window
63.

Next, a procedure for the treatment of a semiconductor
wafer W in the heat treatment apparatus 1 will be described.
A semiconductor wafer W to be treated herein is a semicon-
ductor substrate of silicon implanted with impurities (ions) by
an ion implantation process. The impurities are activated by
the heat treatment apparatus 1 performing the process of
heating (annealing) the semiconductor wafer W by flash irra-
diation. FIG. 8 is a flow diagram showing a procedure for the
treatment of a semiconductor wafer W in the heat treatment
apparatus 1. The procedure for the treatment of a semicon-
ductor wafer W which will be described below proceeds
under the control ofthe controller 3 over the operating mecha-
nisms of the heat treatment apparatus 1.

First, the gate valve 185 is opened to open the transport
opening 66. A transport robot outside the heat treatment appa-
ratus 1 transports a semiconductor wafer W implanted with
impurities through the transport opening 66 into the heat
treatment space 65 of the chamber 6 (in Step S1). When the
transport opening 66 is opened for the transport of a semicon-
ductor wafer W into the heat treatment space 65, the valve 84
for supply of gas may be opened to supply an inert gas such as
nitrogen gas through the gas supply opening 81 into the heat
treatment space 65, thereby preventing outside atmosphere
containing particles from flowing into the heat treatment
space 65.

The semiconductor water W transported into the heat treat-
ment space 65 by the transport robot is moved forward to a
position lying immediately over the holder 7 and is stopped
thereat. Then, the pair of transfer arms 11 of the transfer
mechanism 10 is moved horizontally from the retracted posi-
tion to the transfer operation position and is then moved
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upwardly, whereby the lift pins 12 pass through the inside
space of the holder 7 to receive the semiconductor wafer W.

After the semiconductor wafer W is placed on the lift pins
12, the transport robot moves out of the heat treatment space
65, and the gate valve 185 closes the transport opening 66.
Then, the pair of transfer arms 11 moves downwardly to
transfer the semiconductor wafer W from the transfer mecha-
nism 10 to the three support members 75 of the holder 7 (in
Step S2). As shown in FIG. 4, the three support members 75
support the outer peripheral edge of the semiconductor wafer
W in a horizontal attitude at three points. The semiconductor
wafer W is held by the holder 7 in such an attitude that a
surface thereof which is patterned and implanted with impu-
rities is the upper surface. The pair of transfer arms 11 moved
downwardly below the holder 7 is moved back to the retracted
position.

After the transport opening 66 is closed and the semicon-
ductor wafer W is held by the holder 7, the pressure in the
chamber 6 is decreased (in Step S3). The gate valve 185 closes
the transport opening 66 to cause the heat treatment space 65
to become an enclosed space. When the valve 89 is opened in
this state while the dry pump of the exhaust part 190 is in
operation, the gas in the heat treatment space 65 is exhausted
through the gas exhaust opening 86, so that the pressure in the
chamber 6 is decreased to a low vacuum of less than 100 Pa.

Subsequently, while the exhaust part 190 exhausts the gas,
an inert gas is supplied into the chamber 6 (in Step S4). In the
present preferred embodiment, the valve 84 is opened, so that
nitrogen gas is supplied through the gas supply opening 81
into the chamber 6 in which a low vacuum is produced by the
exhaust part 190 that exhausts the gas. At this time, while the
nitrogen gas is supplied at a constant flow rate into the heat
treatment space 65 of the chamber 6, the flow rate of the gas
being exhausted is regulated using the degree of opening and
closing of the throttle valve of the exhaust part 190, whereby
the pressure in the chamber 6 is maintained at a low vacuum
in the range of 50 to 500 Pa. In the present preferred embodi-
ment, the pressure in the chamber 6 is maintained at approxi-
mately 100 Pa.

After the pressure in the chamber 6 reaches a predeter-
mined target gas pressure (100 Pa) and stabilizes, the 40
halogen lamps HL in the halogen heating part 4 turn on
simultaneously to start preheating (or assist-heating) (in Step
S5). Halogen light emitted from the halogen lamps HL is
transmitted through the lower chamber window 64 made of
quartz, and impinges upon the back surface (a main surface
subjected to no patterning on the opposite side from the front
surface) of the semiconductor wafer W. The semiconductor
wafer W is preheated by being irradiated with the halogen
light from the halogen lamps HL, so that the temperature of
the semiconductor wafer W increases. The transfer arms 11
and the lift pins 12 of the transfer mechanism 10 do not
become an obstacle to the heating using the halogen lamps
HL because the transfer arms 11 are moved back to the
retracted position and because the transfer arms 11 and the lift
pins 12 are made of transparent quartz.

The temperature of the semiconductor wafer W is mea-
sured with a temperature sensor when the halogen lamps HL.
perform the preheating. The radiation thermometer 120 (with
reference to FIG. 4), for example, may be used as the tem-
perature sensor. In the present preferred embodiment, there is
a wide open space under the semiconductor wafer W held by
the holder 7. This enables the radiation thermometer 120 to
receive radiant light emitted from the lower surface of the
semiconductor wafer W with reliability, thereby precisely
measuring the temperature of the semiconductor wafer W.
Alternatively, a contact-type thermometer including a ther-
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mocouple may be used as the temperature sensor. The tem-
perature of the semiconductor watfer W measured with the
temperature sensor is transmitted to the controller 3.

The controller 3 controls the output from the halogen
lamps HIL while monitoring whether the temperature of the
semiconductor wafer W which is on the increase by the irra-
diation with light from the halogen lamps HL reaches a pre-
determined preheating temperature T1 or not. In other words,
the controller 3 eftects feedback control of the output from the
halogen lamps HL, based on the value measured with the
temperature sensor, so that the temperature of the semicon-
ductor water W is equal to the preheating temperature T1. The
preheating temperature T1 shall be on the order of 200° to
800° C., preferably on the order of 350° to 600° C., (in the
present preferred embodiment, 600° C.) at which there is no
apprehension that the impurities implanted in the semicon-
ductor wafer W are diffused by heat.

After the temperature of the semiconductor wafer W
reaches the preheating temperature T1, the controller 3 main-
tains the temperature of the semiconductor wafer W at the
preheating temperature T1 for a short time. Specifically, at the
time when the temperature of the semiconductor wafer W
measured with the temperature sensor reaches the preheating
temperature T1, the controller 3 controls the output from the
halogen lamps HL to maintain the temperature of the semi-
conductor wafer W at approximately the preheating tempera-
ture T1.

Next, the front surface of the semiconductor wafer W is
irradiated with a flash of light from the flash lamps FL of the
flash heating part 5 (in Step S6) when a predetermined time
period has elapsed since the temperature of the semiconduc-
tor wafer W reached the preheating temperature T1. In this
step, part of the flash of light emitted from the flash lamps FL.
travels directly toward the interior of the chamber 6. The
remainder of the flash of light is reflected once from the
reflector 52, and then travels toward the interior of the cham-
ber 6. The irradiation of the semiconductor wafer W with such
flashes of light achieves the flash heating of the semiconduc-
tor wafer W. In the first preferred embodiment, a flash of light
is emitted from the flash lamps FL. while the three support
members 75 of the holder 7 support the semiconductor wafer
W at three points.

The flash heating, which is achieved by the emission of a
flash of light from the flash lamps FL, increases the tempera-
ture of the front surface of the semiconductor wafer W in a
short time. Specifically, the flash of light emitted from the
flash lamps FL is an intense flash of light emitted for an
extremely short period of time ranging from about 0.1 to
about 100 milliseconds as a result of the conversion of the
previously stored electrostatic energy into such an ultrashort
light pulse. The temperature of the front surface of the semi-
conductor water W subjected to the flash heating by the flash
irradiation from the flash lamps FI. momentarily increases to
a treatment temperature T2 of 1000° C. or higher. After the
impurities implanted in the semiconductor wafer W are acti-
vated, the temperature of the front surface of the semiconduc-
tor wafer W decreases rapidly. Because of the capability of
increasing and decreasing the temperature of the front surface
of'the semiconductor wafer W in an extremely short time, the
heat treatment apparatus 1 achieves the activation of the
impurities implanted in the semiconductor wafer W while
suppressing the diffusion of the impurities due to heat. Also,
the oxidation of the front surface of the semiconductor wafer
W on the molecular level is prevented because the front
surface of the semiconductor wafer W is heated to the treat-
ment temperature T2 in a low vacuum of 100 Pa. It should be
noted that the time required for the activation of the impurities

10

15

20

25

30

35

40

45

50

55

60

65

14

is extremely short as compared with the time required for the
thermal diffusion of the impurities. Thus, the activation is
completed in a short time ranging from about 0.1 to about 100
milliseconds during which no diffusion occurs.

The halogen lamps HL turn off after a predetermined time
period has elapsed since the completion of the flash heating
treatment (in Step S7). At the same time that the halogen
lamps HL turn off, the shutter mechanism 2 inserts the shutter
plate 21 into the light shielding position lying between the
halogen heating part 4 and the chamber 6 (in Step S8). The
temperatures of filaments and tube walls of the halogen lamps
HL do not decrease immediately after the halogen lamps HL.
turn off, but radiant heat is continuously emitted from the
filaments and the tube walls at elevated temperature for a
short time interval to obstruct the temperature decrease of the
semiconductor wafer W. The insertion of the shutter plate 21
interrupts the radiant heat emitted from the halogen lamps HL.
immediately after the turning off toward the heat treatment
space 65 to increase the rate at which the temperature of the
semiconductor wafer W decreases. The radiation thermom-
eter 120 also measures the temperature of the semiconductor
wafer W which is on the decrease. The results of measure-
ment are transmitted to the controller 3. In addition to the
decrease in the temperature of the semiconductor wafer W,
the valve 89 is closed to stop exhausting the gas, and the
supply of nitrogen gas into the heat treatment space 65 is
continued, so that the pressure in the chamber 6 is returned to
the previous pressure (in Step S9).

The controller 3 monitors whether the temperature of the
semiconductor wafer W measured with the radiation ther-
mometer 120 is decreased to a predetermined temperature or
not. After the temperature of the semiconductor wafer W is
decreased to the predetermined temperature or below, the pair
of transfer arms 11 of the transfer mechanism 10 is moved
horizontally again from the retracted position to the transfer
operation position and is then moved upwardly, whereby the
lift pins 12 pass through the inside space of the holder 7 to
receive the heat-treated semiconductor wafer W from the
three support members 75. Subsequently, the transport open-
ing 66 which has been closed is opened by the gate valve 185,
and the transport robot outside the heat treatment apparatus 1
transports the semiconductor wafer W placed on the lift pins
12 to the outside (in Step S10). Thus, the heat treatment
apparatus 1 completes the heating treatment of the semicon-
ductor wafer W.

Inthe first preferred embodiment, the semiconductor wafer
W is preheated by being irradiated with the halogen light from
the halogen lamps HL. while the semiconductor wafer W is
supported at its outer peripheral edge by the three support
members 75 having a cylindrical shape and made of silicon
carbide. The support members 75 for direct contact with the
semiconductor wafer W are made of silicon carbide which
absorbs halogen light better than quartz. During the preheat-
ing, the temperature of the three support members 75 hence
increases as the temperature of the semiconductor wafer W
increases. This prevents the local temperature decrease of the
semiconductor wafer W resulting from the conduction of heat
to the support members 75.

Also, the three inclined support members 75 support the
outer peripheral edge of the semiconductor wafer W in point
contacting relationship, so that the contact between the holder
7 and the semiconductor wafer W is minimized. This mini-
mizes the disorder of the temperature distribution of the semi-
conductor wafer W due to the support members 75 to achieve
the uniform heating of the semiconductor wafer W.

Also, the support members 75 are inclined obliquely down-
wardly from the outside of the semiconductor wafer W to be
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held toward the center thereof. This prevents the semiconduc-
tor wafer W from sliding sideways during the heat treatment.

In the first preferred embodiment, the heat treatment of the
semiconductor wafer W is performed while the pressure in
the heat treatment space 65 of the chamber 6 is maintained at
a low vacuum in the range of 50 to 500 Pa. Thus, no convec-
tion occurs on the upper surface of the semiconductor wafer
W. This prevents the temperature decrease resulting from the
fact that the atmosphere gas at a relatively low temperature
strikes the peripheral portion of the semiconductor wafer W
due to the convection, thereby to achieve the more uniform
heating of the semiconductor wafer W.

The three support members 75 support the outer peripheral
edge of the semiconductor wafer W, and the inside of the
annular base ring 71 is open. This enables the radiation ther-
mometer 120 to receive radiant light emitted from the lower
surface of the semiconductor wafer W with reliability,
thereby precisely measuring the temperature of the semicon-
ductor wafer W.

Second Preferred Embodiment

Next, a second preferred embodiment according to the
present invention will be described. A heat treatment appara-
tus according to the second preferred embodiment is similar
in overall configuration to that according to the first preferred
embodiment. The second preferred embodiment is also simi-
lar in procedure for the treatment of a semiconductor wafer W
to the first preferred embodiment. The second preferred
embodiment differs from the first preferred embodiment in
the shape of the support members of the holder 7.

FIG. 9 is an external perspective view of a support mem-
bers 175 according to the second preferred embodiment. The
support member 175 according to the second preferred
embodiment includes a first support 176 inclined obliquely
downwardly, and a second support 177 provided at a tip of the
first support 176 and extending in a horizontal direction. Each
of the first support 176 and the second support 177 is an
elongated rectangular member having the shape of a quadran-
gular prism and made of silicon carbide.

FIG. 10 is a view schematically showing a semiconductor
wafer W held by the holder 7 according to the second pre-
ferred embodiment. The support ring 72 made of quartz is
coupled to the base ring 71 with the coupling members 73 as
in the first preferred embodiment. The base ring 71 is fixed
and mounted on the bottom surface of the recessed portion 62,
whereby the entire holder 7 is provided fixedly in the chamber
6.

A plurality of support members 175 each shown in FIG. 9
are provided fixedly on the inner periphery of the support ring
72 as in the first preferred embodiment. The number of sup-
port members 175 provided on the support ring 72 is in the
range of 3 to 12. In the second preferred embodiment, three
support members 175 are spaced 120 degrees apart from each
other along the inner periphery of the support ring 72. In each
of the support members 175, the first support 176 is provided
on the support ring 72 so that the axis of the quadrangular
prism thereof is inclined obliquely downwardly from the
outside of the semiconductor wafer W to be held toward the
center thereof. The first support 176 is inclined at an angle in
the range of 15 to 30 degrees with respect to a horizontal
plane. In each of the support members 175, the second sup-
port 177 is provided so that the axis of the quadrangular prism
thereof extends in a horizontal direction from the tip of the
first support 176.

As shown in FIG. 10, the second supports 177 of the three
respective support members 175 in the second preferred
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embodiment abut against the lower surface of the peripheral
portion of the semiconductor wafer W to support the semi-
conductor wafer W. Specifically, the second supports 177
extending in a horizontal direction abut against the lower
surface of the peripheral portion of the semiconductor wafer
W to support the outer peripheral edge of the semiconductor
wafer W in a horizontal attitude. The second supports 177
may extend approximately 100 mm from the outer peripheral
edge of the semiconductor wafer W having a diameter of 300
mm toward the center thereof. The vertical position of the
semiconductor wafer W supported by the three support mem-
bers 175 is slightly lower than that of the support ring 72.

As in the first preferred embodiment, the semiconductor
wafer W is supported at its outer peripheral edge by the three
support members 175, and the inside of the base ring 71 in the
shape of an annular ring is open. This enables the radiation
thermometer 120 to receive the radiant light emitted from the
lower surface of the semiconductor wafer W with reliability,
thereby precisely measuring the temperature of the semicon-
ductor wafer W.

Also in the second preferred embodiment, the semiconduc-
tor wafer W is preheated by being irradiated with the halogen
light from the halogen lamps HL while the semiconductor
wafer W is supported at its outer peripheral edge by the three
support members 175 made of silicon carbide. This prevents
the local temperature decrease of the semiconductor wafer W
resulting from the support members 175 to achieve the uni-
form heating of the semiconductor wafer W.

Third Preferred Embodiment

Next, a third preferred embodiment according to the
present invention will be described. A heat treatment appara-
tus according to the third preferred embodiment is similar in
overall configuration to that according to the first preferred
embodiment. The third preferred embodiment is also similar
in procedure for the treatment of a semiconductor wafer W to
the first preferred embodiment. In the third preferred embodi-
ment, the holder 7 includes a temperature equalizing ring
surrounding a semiconductor wafer W.

FIG. 11 is a perspective view of the support members and
the temperature equalizing ring according to the third pre-
ferred embodiment. The support members 175 in the third
preferred embodiment are similar to those in the second pre-
ferred embodiment. As in the second preferred embodiment,
the three support members 175 are provided fixedly on the
inner periphery of the support ring 72 (not shown in FIG. 11).
In the third preferred embodiment, a temperature equalizing
ring 278 is provided on the upper surface of the second
supports 177 ofthe three support members 175. The tempera-
ture equalizing ring 278 is a plate-like member in the shape of
an annular ring, and has an inside diameter slightly greater
than the diameter of the semiconductor wafer W. The tem-
perature equalizing ring 278 is made of silicon carbide.

As shown in FI1G. 11, the second supports 177 extending in
a horizontal direction in the third preferred embodiment also
abut against the lower surface of the peripheral portion of the
semiconductor wafer W to support the outer peripheral edge
of the semiconductor wafer W in a horizontal attitude. The
semiconductor wafer W supported by the second supports
177 are surrounded by the temperature equalizing ring 278 in
non-contacting relationship. The vertical position of the
semiconductor wafer W supported by the second supports
177 is substantially the same as that of the temperature equal-
izing ring 278.

Also in the third preferred embodiment, the semiconductor
wafer W is preheated by being irradiated with the halogen
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light from the halogen lamps HL while the semiconductor
wafer W is supported at its outer peripheral edge by the three
support members 175 made of silicon carbide. This prevents
the local temperature decrease of the semiconductor wafer W
resulting from the support members 175 to achieve the uni-
form heating of the semiconductor wafer W.

Furthermore, the temperature equalizing ring 278 similar
to the support members 175 in being made of silicon carbide
surrounds the semiconductor wafer W in non-contacting rela-
tionship in the third preferred embodiment. The temperature
of the temperature equalizing ring 278 is increased to an
extent similar to that of the support members 175 by absorb-
ing the halogen light from the halogen lamps HL. The tem-
perature equalizing ring 278 the temperature of which is
increased surrounds the semiconductor wafer W. Thus, if heat
convection occurs within the chamber 6, the temperature
equalizing ring 278 prevents the heat convection from strik-
ing the peripheral portion of the semiconductor wafer W,
thereby preventing the temperature decrease of the peripheral
portion. As a result, this achieves the more uniform heating of
the semiconductor wafer W.

Fourth Preferred Embodiment

FIG. 14 is a longitudinal sectional view showing a configu-
ration of a heat treatment apparatus 1a according to a fourth
preferred embodiment of the present invention. Like refer-
ence numerals and characters are used in FIG. 14 to designate
components identical with those in FIG. 1. The heat treatment
apparatus 1a according to the fourth preferred embodiment is
a flash lamp annealer for irradiating a disk-shaped silicon
semiconductor wafer W having a diameter of 300 mm and
serving as a substrate with a flash of light to heat the semi-
conductor wafer W. A semiconductor wafer W prior to the
transport into the heat treatment apparatus 1a is implanted
with impurities. The heat treatment apparatus 1a performs a
heating treatment on the semiconductor wafer W to thereby
activate the impurities implanted in the semiconductor wafer
W. The heat treatment apparatus la according to the fourth
preferred embodiment differs from the heat treatment appa-
ratus 1 according to the first preferred embodiment in the
configuration of a holder 307. The remaining parts of the
fourth preferred embodiment are identical in configuration
with those of the first preferred embodiment.

The holder 307 in the fourth preferred embodiment
includes a temperature equalizing ring 371, and a support ring
375. FIG. 15 is a perspective view of the temperature equal-
izing ring 371. FIG. 16 is a side view of the holder 307 holding
a semiconductor wafer W. The temperature equalizing ring
371 is a member in the shape of an annular ring surrounding
an edge portion of a disk-shaped semiconductor wafer W
having a diameter of 300 mm, and includes an annular portion
372 and a reinforcing portion 373. The temperature equaliz-
ing ring 371 in the fourth preferred embodiment is made of
silicon carbide (SiC).

The annular portion 372 is a planar member in the shape of
an annular ring. A collar 372a is provided at the inner periph-
eral edge of the annular portion 372 in the fourth preferred
embodiment, and supports the lower surface of the edge por-
tion of the semiconductor wafer W. Specifically, the annular
portion 372 at the inner peripheral edge abuts against the edge
portion of the semiconductor wafer W to support the semi-
conductor wafer W. The annular portion 372 in the shape of an
annular ring has an outside diameter greater than the diameter
of'the semiconductor wafer W. Thus, the annular portion 372
abuts against the edge portion of the semiconductor wafer W
to surround the edge portion. The annular portion 372 is
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parallel to a main surface of the semiconductor wafer W
supported by the temperature equalizing ring 371.

The reinforcing portion 373 is a cylindrical member pro-
vided in continuation to the outer peripheral edge of the
annular portion 372. In the fourth preferred embodiment, the
annular portion 372 and the reinforcing portion 373 form an
angle of 90 degrees with each other. In other words, the
reinforcing portion 373 is provided so as to be bent down-
wardly perpendicularly from the outer peripheral edge of the
annular portion 372. Thus, as shown in FIG. 16, the tempera-
ture equalizing ring 371 is of an L-shaped cross-sectional
configuration. The temperature equalizing ring 371 of such a
configuration may be produced by integrally molding the
annular portion 372 and the reinforcing portion 373, for
example, using sintered SiC.

The support ring 375 is amember in the shape of an annular
ring made of transparent quartz. The support ring 375 is
provided fixedly on the inner wall surface of the chamber 6 by
being fixed and mounted on the bottom surface of the
recessed portion 62 (with reference to FIG. 14). An example
of the technique of fixedly providing the support ring 375 in
the chamber 6 includes fixing the support ring 375 on the
bottom surface of the recessed portion 62 with pins.

In the fourth preferred embodiment, the support ring 375
made of quartz is also of an L-shaped cross-sectional con-
figuration. The temperature equalizing ring 371 is fitted on
the supportring 375 provided fixedly on the inner wall surface
of the chamber 6 so that the [-shaped configuration of the
support ring 375 and the L-shaped configuration of the tem-
perature equalizing ring 371 are in engagement with each
other. Thus, the entire holder 307 including the temperature
equalizing ring 371 is provided fixedly in the chamber 6.

The semiconductor wafer W is supported in a horizontal
attitude (an attitude such that the normal to the semiconductor
wafer W coincides with a vertical direction) by the tempera-
ture equalizing ring 371 of the holder 307 provided fixedly on
the inner wall of the chamber 6. The annular portion 372 of
the temperature equalizing ring 371, which is parallel to a
main surface of the semiconductor wafer W, is also in a
horizontal attitude. The reinforcing portion 373 perpendicu-
lar to the annular portion 372 extends in a vertical direction.

A radiation thermometer not shown is provided in the
chamber 6. The radiation thermometer is capable of receiving
radiant light (infrared light) emitted from the lower surface of
the semiconductor wafer W supported by the temperature
equalizing ring 371 to measure the temperature of the semi-
conductor wafer W. The semiconductor wafer W is supported
at its edge portion by the annular portion 372, and there is an
open space under the lower surface of the semiconductor
wafer W except the edge portion. This enables the radiation
thermometer to receive the radiant light emitted from the
lower surface of the semiconductor wafer W with reliability.

Next, a procedure for the treatment of a semiconductor
wafer W in the heat treatment apparatus 1a will be described.
A semiconductor wafer W to be treated herein is a semicon-
ductor substrate of silicon implanted with impurities (ions) by
an ion implantation process. The impurities are activated by
the heat treatment apparatus 1a performing the process of
heating (annealing) the semiconductor water W by flash irra-
diation. F1G. 17 is a flow diagram showing a procedure for the
treatment of a semiconductor wafer W in the heat treatment
apparatus la according to the fourth preferred embodiment.
The procedure for the treatment of a semiconductor wafer W
which will be described below proceeds under the control of
the controller 3 over the operating mechanisms of the heat
treatment apparatus la.
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First, the valve 84 is opened for supply of gas, and the
valves 89 and 192 for exhaust of gas are opened, so that the
supply and exhaust of gas into and out of the chamber 6 start
(in Step S11). When the valve 84 is opened, nitrogen gas is
supplied through the gas supply opening 81 into the heat
treatment space 65. When the valve 89 is opened, the gas
within the chamber 6 is exhausted through the gas exhaust
opening 86. This causes the nitrogen gas supplied from an
upper portion of the heat treatment space 65 in the chamber 6
to flow downwardly and then to be exhausted from a lower
portion of the heat treatment space 65.

The gas within the chamber 6 is exhausted also through the
transport opening 66 by opening the valve 192. Further, the
exhaust mechanism not shown exhausts an atmosphere near
the drivers of the transfer mechanism 10. It should be noted
that the nitrogen gas is continuously supplied into the heat
treatment space 65 during the heat treatment of a semicon-
ductor wafer W in the heat treatment apparatus 1la. The
amount of nitrogen gas supplied into the heat treatment space
65 is changed as appropriate in accordance with the process
steps of FIG. 17.

Subsequently, the gate valve 185 is opened to open the
transport opening 66. A transport robot outside the heat treat-
ment apparatus la transports a semiconductor wafer W
implanted with impurities through the transport opening 66
into the heat treatment space 65 of the chamber 6 (in Step
S12). The semiconductor wafer W transported into the heat
treatment space 65 by the transport robot is moved forward to
a position lying immediately over the holder 307 and is
stopped thereat. Then, the pair of transfer arms 11 of the
transfer mechanism 10 is moved horizontally from the
retracted position to the transfer operation position and is then
moved upwardly, whereby the lift pins 12 pass through the
inside space of the temperature equalizing ring 371 to receive
the semiconductor wafer W.

After the semiconductor wafer W is placed on the lift pins
12, the transport robot moves out of the heat treatment space
65, and the gate valve 185 closes the transport opening 66.
Then, the pair of transfer arms 11 moves downwardly to
transfer the semiconductor wafer W from the transfer mecha-
nism 10 to the temperature equalizing ring 371 of the holder
307. As shown in FIG. 16, the temperature equalizing ring
371, at the inner peripheral edge of the annular portion 372,
supports the entire perimeter of the edge portion of the semi-
conductor wafer W. The semiconductor wafer W is supported
by the temperature equalizing ring 371 in such a horizontal
attitude that a surface thereof which is patterned and
implanted with impurities is the upper surface. The pair of
transfer arms 11 moved downwardly below the holder 307 is
moved back to the retracted position by the horizontal move-
ment mechanism 13.

After the semiconductor wafer W is supported by the tem-
perature equalizing ring 371 of the holder 307, the 40 halogen
lamps HL in the halogen heating part 4 turn on simulta-
neously to start preheating (or assist-heating) (in Step S13).
Halogen light emitted from the halogen lamps HL is trans-
mitted through the lower chamber window 64 made of quartz,
and impinges upon the back surface (a main surface subjected
to no patterning on the opposite side from the front surface) of
the semiconductor wafer W. The semiconductor wafer W is
preheated by being irradiated with the halogen light from the
halogen lamps HL, so that the temperature of the semicon-
ductor wafer W increases. The transfer arms 11 and the lift
pins 12 of the transfer mechanism 10 do not become an
obstacle to the heating using the halogen lamps HL because
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the transfer arms 11 are moved back to the retracted position
and because the transfer arms 11 and the lift pins 12 are made
of transparent quartz.

The temperature of the semiconductor wafer W is mea-
sured with a temperature sensor when the halogen lamps HL.
perform the preheating. A radiation thermometer, for
example, may be used as the temperature sensor. In the fourth
preferred embodiment, there is a wide open space under the
semiconductor wafer W supported by the temperature equal-
izing ring 371. This enables the radiation thermometer to
receive radiant light emitted from the lower surface of the
semiconductor wafer W with reliability, thereby precisely
measuring the temperature of the semiconductor wafer W.
Alternatively, a contact-type thermometer including a ther-
mocouple may be used as the temperature sensor. The tem-
perature of the semiconductor water W measured with the
temperature sensor is transmitted to the controller 3.

The controller 3 controls the output from the halogen
lamps HIL while monitoring whether the temperature of the
semiconductor wafer W which is on the increase by the irra-
diation with light from the halogen lamps HL reaches the
predetermined preheating temperature T1 or not. In other
words, the controller 3 effects feedback control of the output
from the halogen lamps HL, based on the value measured
with the temperature sensor, so that the temperature of the
semiconductor wafer W is equal to the preheating tempera-
ture T1. The preheating temperature T1 shall be on the order
01'200° to 800° C., preferably on the order of 350° to 600° C.,
(in the present preferred embodiment, 600° C.) at which there
is no apprehension that the impurities implanted in the semi-
conductor wafer W are diffused by heat.

After the temperature of the semiconductor wafer W
reaches the preheating temperature T1, the controller 3 main-
tains the temperature of the semiconductor wafer W at the
preheating temperature T1 for a short time. Specifically, at the
time when the temperature of the semiconductor wafer W
measured with the temperature sensor reaches the preheating
temperature T1, the controller 3 controls the output from the
halogen lamps HL to maintain the temperature of the semi-
conductor wafer W at approximately the preheating tempera-
ture T1.

Next, the front surface of the semiconductor wafer W is
irradiated with a flash of light from the flash lamps FL of the
flash heating part 5 (in Step S14) when a predetermined time
period has elapsed since the temperature of the semiconduc-
tor wafer W reached the preheating temperature T1. In this
step, part of the flash of light emitted from the flash lamps FL.
travels directly toward the interior of the chamber 6. The
remainder of the flash of light is reflected once from the
reflector 52, and then travels toward the interior of the cham-
ber 6. The irradiation of the semiconductor wafer W with such
flashes of light achieves the flash heating of the semiconduc-
tor wafer W. In the fourth preferred embodiment, a flash of
light is emitted from the flash lamps FL. while the temperature
equalizing ring 371 of the holder 307 supports the edge por-
tion of the semiconductor wafer W.

The flash heating, which is achieved by the emission of a
flash of light from the flash lamps FL, increases the tempera-
ture of the front surface of the semiconductor wafer W in a
short time. Specifically, the flash of light emitted from the
flash lamps FL is an intense flash of light emitted for an
extremely short period of time ranging from about 0.1 to
about 100 milliseconds as a result of the conversion of the
previously stored electrostatic energy into such an ultrashort
light pulse. The temperature of the front surface of the semi-
conductor wafer W subjected to the flash heating by the flash
irradiation from the flash lamps FI. momentarily increases to
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the treatment temperature T2 of 1000° C. or higher. After the
impurities implanted in the semiconductor wafer W are acti-
vated, the temperature of the front surface of the semiconduc-
tor wafer W decreases rapidly. Because of the capability of
increasing and decreasing the temperature of the front surface
of'the semiconductor wafer W in an extremely short time, the
heat treatment apparatus 1a achieves the activation of the
impurities implanted in the semiconductor wafer W while
suppressing the diffusion of the impurities due to heat. It
should be noted that the time required for the activation of the
impurities is extremely short as compared with the time
required for the thermal diffusion of the impurities. Thus, the
activation is completed in a short time ranging from about 0.1
to about 100 milliseconds during which no diffusion occurs.

The halogen lamps HL turn off after a predetermined time
period has elapsed since the completion of the flash heating
treatment (in Step S15). At the same time that the halogen
lamps HL turn off, the shutter mechanism 2 inserts the shutter
plate 21 into the light shielding position lying between the
halogen heating part 4 and the chamber 6 (in Step S16). The
temperatures of filaments and tube walls of the halogen lamps
HL do not decrease immediately after the halogen lamps HL.
turn off, but radiant heat is continuously emitted from the
filaments and the tube walls at elevated temperature for a
short time interval to obstruct the temperature decrease of the
semiconductor wafer W. The insertion of the shutter plate 21
interrupts the radiant heat emitted from the halogen lamps HL.
immediately after the turning off toward the heat treatment
space 65 to increase the rate at which the temperature of the
semiconductor wafer W decreases. The temperature sensor
also measures the temperature of the semiconductor wafer W
which is on the decrease. The results of measurement are
transmitted to the controller 3.

The controller 3 monitors whether the temperature of the
semiconductor wafer W measured with the temperature sen-
sor is decreased to a predetermined temperature or not. After
the temperature of the semiconductor wafer W is decreased to
the predetermined temperature or below, the pair of transfer
arms 11 of the transfer mechanism 10 is moved horizontally
again from the retracted position to the transfer operation
position and is then moved upwardly, whereby the lift pins 12
pass through the inside space of the temperature equalizing
ring 371 to receive the heat-treated semiconductor water W
from the temperature equalizing ring 371. Subsequently, the
transport opening 66 which has been closed is opened by the
gate valve 185, and the transport robot outside the heat treat-
ment apparatus la transports the semiconductor wafer W
placed onthe lift pins 12 to the outside (in Step S17). Thus, the
heat treatment apparatus 1a completes the heating treatment
of the semiconductor wafer W.

In the fourth preferred embodiment, the cylindrical rein-
forcing portion 373 is perpendicularly provided on the outer
peripheral edge of the annular portion 372 which is a planar
member in the shape of an annular ring, so that the tempera-
ture equalizing ring 371 is of an L-shaped cross-sectional
configuration. The temperature equalizing ring 371 made of
silicon carbide absorbs a flash of light. In particular, the upper
surface of the annular portion 372 parallel to a main surface of
the semiconductor wafer W directly receives and absorbs a
flash of light emitted from the flash lamps FL, so that the
temperature of the upper surface of the annular portion 372
momentarily increases abruptly. As a result, abrupt thermal
expansion of only the upper surface of the annular portion 372
in the temperature equalizing ring 371 occurs to exert deform-
ing stresses on the annular portion 372. However, the provi-
sion of the reinforcing portion 373 perpendicular to the annu-
lar portion 372 suppresses the deformation of the annular
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portion 372 resulting from the thermal expansion thereof.
This significantly suppresses the vibrations and jumping of
the temperature equalizing ring 371 during the flash irradia-
tion to prevent the creation of particles resulting from such
behaviors of the temperature equalizing ring 371. Also, the
suppression of the vibrations of the temperature equalizing
ring 371 prevents the misregistration of the temperature
equalizing ring 371. Thus, the semiconductor wafer W is
supported with reliability.

The temperature equalizing ring 371 made of silicon car-
bide also absorbs the halogen light emitted from the halogen
lamps HL. Thus, the temperature equalizing ring 371 as well
as the semiconductor wafer W absorbs the halogen light dur-
ing the preheating using the halogen lamps HL, so that the
temperature thereof increases. Such a temperature equalizing
ring 371 surrounds the edge portion of the semiconductor
wafer W to prevent the temperature decrease of the peripheral
portion of the semiconductor wafer W where the temperature
decrease is prone to occur in the stage of the preheating,
thereby improving the uniformity of the in-plane temperature
distribution of the semiconductor wafer W.

Also in the fourth preferred embodiment, the temperature
equalizing ring 371 is fitted on the support ring 375 provided
fixedly on the inner wall of the chamber 6 so that the [.-shaped
configuration of the support ring 375 and the L-shaped con-
figuration of the temperature equalizing ring 371 are in
engagement with each other. This prevents the misregistra-
tion of the temperature equalizing ring 371 with reliability if
the temperature equalizing ring 371 vibrates slightly during
the flash irradiation.

Fifth Preferred Embodiment

Next, a fifth preferred embodiment according to the present
invention will be described. A heat treatment apparatus
according to the fifth preferred embodiment is similar in
overall configuration to that according to the fourth preferred
embodiment. The fifth preferred embodiment is also similar
in procedure for the treatment of a semiconductor wafer W to
the fourth preferred embodiment. The fifth preferred embodi-
ment differs from the fourth preferred embodiment in the
structure of the holder 307.

FIG. 18 is a side view of the holder 307 according to the
fifth preferred embodiment. Reference numerals and charac-
ters similar to those in F1IG. 16 are used in FIG. 18 to designate
components identical with those in the fourth preferred
embodiment. The holder 307 includes the temperature equal-
izing ring 371 and a support ring 475. The temperature equal-
izing ring 371 in the fifth preferred embodiment is similar to
that in the fourth preferred embodiment. Specifically, the
temperature equalizing ring 371 includes the annular portion
372 in the shape of an annular ring which at the inner periph-
eral edge abuts against the edge portion of a semiconductor
wafer W to surround the edge portion, and the reinforcing
portion 373 in a cylindrical shape which is provided perpen-
dicularly in continuation to the outer peripheral edge of the
annular portion 372. The annular portion 372 is parallel to a
main surface of the semiconductor wafer W supported by the
temperature equalizing ring 371. The temperature equalizing
ring 371 is made of silicon carbide.

The support ring 475 is amember in the shape of an annular
ring made of transparent quartz. As in the fourth preferred
embodiment, the support ring 475 is provided fixedly on the
inner wall surface of the chamber 6 by being fixed and
mounted on the bottom surface of the recessed portion 62.
The support ring 475 in the fifth preferred embodiment
includes a flat portion 476 provided so as to be further bent
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inwardly perpendicularly from an end of the L-shaped cross-
sectional configuration of the support ring 375 in the fourth
preferred embodiment. The flat portion 476 is parallel to a
main surface of the semiconductor wafer W supported by the
temperature equalizing ring 371. The flat portion 476 accord-
ingly has the shape of a flat annular ring.

A plurality of protrusions 477 are provided upright on the
upper surface of the flat portion 476. The protrusions 477 are
also made of quartz. The protrusions 477 have a height of not
more than 2 mm as measured from the upper surface of the flat
portion 476 to the tip thereof. In the fifth preferred embodi-
ment, the temperature equalizing ring 371 is supported by the
plurality of protrusions 477. More specifically, the annular
portion 372 of the temperature equalizing ring 371 is sup-
ported by the plurality of protrusions 477 provided upright on
the flat portion 476 of the support ring 475. Thus, the annular
portion 372 parallel to a main surface of the semiconductor
wafer W supported by the temperature equalizing ring 371 is
supported in opposed relation to and at a distance of not more
than 2 mm from the flat portion 476 parallel to a main surface
of the semiconductor wafer W.

The area of part of the annular portion 372 of the tempera-
ture equalizing ring 371 which is opposed to the flat portion
476 is not less than one-third of the area of the annular portion
372. In other words, at least one-third of the area of the
annular portion 372 of the temperature equalizing ring 371 is
opposed to the flat portion 476 at a distance of not more than
2 mm therefrom.

In the fifth preferred embodiment, the semiconductor
wafer W is supported in a horizontal attitude by the tempera-
ture equalizing ring 371 which in turn is supported by the
support ring 475 via the protrusions 477. The preheating
using the halogen lamps HL and the flash irradiation from the
flash lamps FL as in the fourth preferred embodiment are
performed on the semiconductor wafer W supported in this
manner by the temperature equalizing ring 371.

Also in the fifth preferred embodiment, the cylindrical
reinforcing portion 373 is perpendicularly provided on the
outer peripheral edge of the annular portion 372 which is a
planar member in the shape of an annular ring, so that the
temperature equalizing ring 371 is of an L-shaped cross-
sectional configuration. Thus, if deforming stresses resulting
from the thermal expansion of the surface of the annular
portion 372 are exerted on the annular portion 372 during the
flash irradiation, the reinforcing portion 373 perpendicular to
the annular portion 372 suppresses the deformation of the
annular portion 372. This significantly suppresses the vibra-
tions and jumping of the temperature equalizing ring 371
during the flash irradiation to prevent the creation of particles
resulting from such behaviors of the temperature equalizing
ring 371. Also, the suppression of the vibrations of the tem-
perature equalizing ring 371 prevents the misregistration of
the temperature equalizing ring 371. Thus, the semiconductor
wafer W is supported with reliability.

The temperature equalizing ring 371 made of silicon car-
bide surrounds the edge portion of the semiconductor wafer
W to prevent the temperature decrease of the peripheral por-
tion of the semiconductor wafer W where the temperature
decrease is prone to occur in the stage of the preheating,
thereby improving the uniformity of the in-plane temperature
distribution of the semiconductor wafer W.

Further, the annular portion 372 of the temperature equal-
izing ring 371 in the fifth preferred embodiment is supported
in opposed relation to and at a distance of not more than 2 mm
from the flat portion 476 of the support ring 475. Thus, a
sticking effect suppresses the vibrations and jumping of the
temperature equalizing ring 371 with higher reliability during
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the flash irradiation. The term “sticking effect” refers to an
effect such that, if the temperature equalizing ring 371 is
about to vibrate or jump during the flash irradiation, the
narrow spacing of not more than 2 mm between the annular
portion 372 and the flat portion 476 is put under a negative
pressure because it is difficult for gas to enter the narrow
space, so that a force sticking to the flat portion 476 is exerted
on the annular portion 372. To produce such a sticking effect,
it is desirable that the area of part of the annular portion 372
which is opposed to the flat portion 476 is not less than
one-third of the area of the annular portion 372.

Sixth Preferred Embodiment

Next, a sixth preferred embodiment according to the
present invention will be described. A heat treatment appara-
tus according to the sixth preferred embodiment is similar in
overall configuration to that according to the fourth preferred
embodiment. The sixth preferred embodiment is also similar
in procedure for the treatment of a semiconductor wafer W to
the fourth preferred embodiment. The sixth preferred
embodiment differs from the fourth preferred embodiment in
the structure of the holder 307.

FIG. 19 is a side view of the holder 307 according to the
sixth preferred embodiment. Reference numerals and char-
acters similar to those in FIG. 16 are used in FIG. 19 to
designate components identical with those in the fourth pre-
ferred embodiment. The holder 307 includes a temperature
equalizing ring 471 and a support ring 575. Although the flat
portion in the fifth preferred embodiment extends from an end
of the L-shaped configuration of the support ring, a flat por-
tion in the sixth preferred embodiment extends from an end of
the L-shaped configuration of the temperature equalizing
ring. The temperature equalizing ring 471 in the sixth pre-
ferred embodiment is a member in the shape of an annular
ring surrounding an edge portion of a disk-shaped semicon-
ductor wafer W, and includes the annular portion 372, the
reinforcing portion 373 and a flat portion 374. As in the fourth
preferred embodiment, the temperature equalizing ring 471 is
made of silicon carbide.

The annular portion 372 is a member in the shape of an
annular ring which at the inner peripheral edge abuts against
the edge portion of the semiconductor wafer W to support the
semiconductor wafer W and which surrounds the edge por-
tion. Also, the annular portion 372 is parallel to a main surface
of the semiconductor wafer W supported by the temperature
equalizing ring 471. The reinforcing portion 373 is a cylin-
drical member provided in continuation to the outer periph-
eral edge of the annular portion 372.

The temperature equalizing ring 471 in the sixth preferred
embodiment includes the flat portion 374 provided so as to be
further bent outwardly perpendicularly from an end of the
L-shaped cross-sectional configuration formed by the annular
portion 372 and the reinforcing portion 373. That is, the flat
portion 374 extends from the lower edge of the reinforcing
portion 373 in a direction opposite from the annular portion
372. The flat portion 374 is parallel to the annular portion 372,
that is, parallel to a main surface of the semiconductor wafer
W supported by the temperature equalizing ring 471. Thus,
the flat portion 374 has the shape of a flat annular ring.

The support ring 575 is amember in the shape of an annular
ring made of transparent quartz. As in the fourth preferred
embodiment, the support ring 575 is provided fixedly on the
inner wall surface of the chamber 6 by being fixed and
mounted on the bottom surface of the recessed portion 62.
The support ring 575 in the sixth preferred embodiment
includes a flat portion 576 having the shape of a flat annular
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ring. The flat portion 576 is parallel to a main surface of the
semiconductor water W supported by the temperature equal-
izing ring 471.

A plurality of protrusions 577 are provided upright on the
upper surface of the flat portion 576 in the shape of an annular
ring. The protrusions 577 are also made of quartz. The pro-
trusions 577 have a height of not more than 2 mm as measured
from the upper surface of the flat portion 576 to the tip thereof.
In the sixth preferred embodiment, the temperature equaliz-
ing ring 471 is supported by the plurality of protrusions 577.
More specifically, the flat portion 374 of the temperature
equalizing ring 471 is supported by the plurality of protru-
sions 577 provided upright on the flat portion 576 of the
support ring 575. Thus, the flat portion 374 of the temperature
equalizing ring 471 parallel to a main surface of the semicon-
ductor wafer W supported by the temperature equalizing ring
471 is supported in opposed relation to and at a distance of not
more than 2 mm from the flat portion 576 of the support ring
575 similarly parallel to the main surface of the semiconduc-
tor wafer W.

The area of part of the flat portion 374 of the temperature
equalizing ring 471 which is opposed to the flat portion 576 of
the support ring 575 is not less than one-third of the area of the
flat portion 374. In other words, at least one-third of the area
of'the flat portion 374 of the temperature equalizing ring 471
is opposed to the flat portion 576 at a distance of not more than
2 mm therefrom.

In the sixth preferred embodiment, the semiconductor
wafer W is supported in a horizontal attitude by the tempera-
ture equalizing ring 471 which in turn is supported by the
support ring 575 via the protrusions 577. The preheating
using the halogen lamps HL and the flash irradiation from the
flash lamps FL as in the fourth preferred embodiment are
performed on the semiconductor wafer W supported in this
manner by the temperature equalizing ring 471.

Also in the sixth preferred embodiment, the cylindrical
reinforcing portion 373 is perpendicularly provided on the
outer peripheral edge of the annular portion 372 which is a
planar member in the shape of an annular ring. Thus, if
deforming stresses resulting from the thermal expansion of
the surface of the annular portion 372 are exerted on the
annular portion 372 during the flash irradiation, the reinforc-
ing portion 373 perpendicular to the annular portion 372
suppresses the deformation of the annular portion 372. This
significantly suppresses the vibrations and jumping of the
temperature equalizing ring 471 during the flash irradiation to
prevent the creation of particles resulting from such behaviors
of the temperature equalizing ring 471. Also, the suppression
of the vibrations of the temperature equalizing ring 471 pre-
vents the misregistration of the temperature equalizing ring
471. Thus, the semiconductor wafer W is supported with
reliability.

The temperature equalizing ring 471 made of silicon car-
bide surrounds the edge portion of the semiconductor wafer
W to prevent the temperature decrease of the peripheral por-
tion of the semiconductor wafer W where the temperature
decrease is prone to occur in the stage of the preheating,
thereby improving the uniformity of the in-plane temperature
distribution of the semiconductor wafer W.

Further, the flat portion 374 of the temperature equalizing
ring 471 in the sixth preferred embodiment is supported in
opposed relation to and at a distance of not more than 2 mm
from the flat portion 576 of the support ring 575. Thus, the
sticking effect as in the fifth preferred embodiment is pro-
duced during the flash irradiation to exert a force sticking to
the flat portion 576 of the support ring 575 on the temperature
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equalizing ring 471. This suppresses the vibrations and jump-
ing of the temperature equalizing ring 471 with higher reli-
ability.

In particular, the flat portion 374 extends from an end of the
L-shaped configuration of the temperature equalizing ring
471 in the sixth preferred embodiment. This makes the dis-
tance between the semiconductor wafer W supported by the
temperature equalizing ring 471 and the support ring 575
longer than that in the fifth preferred embodiment. This fur-
ther reduces the influence of the support ring 575 made of
quartz which is difficult to increase in temperature during the
preheating upon the temperature of the edge portion of the
semiconductor wafer W.

Seventh Preferred Embodiment

Next, a seventh preferred embodiment according to the
present invention will be described. FIG. 20 is a longitudinal
sectional view showing a configuration of a heat treatment
apparatus according to the seventh preferred embodiment.
Reference numerals and characters similar to those in F1IG. 14
are used in FIG. 20 to designate components identical with
those in the fourth preferred embodiment. The heat treatment
apparatus according to the seventh preferred embodiment
differs from that according to the fourth preferred embodi-
ment in comprising a light shielding ring 679 over the tem-
perature equalizing ring 371.

The light shielding ring 679 is an annular ring-shaped
member of a triangular cross-sectional configuration. The
light shielding ring 679 is made of a metal material (e.g.,
stainless steel) opaque to a flash of light from the flash lamps
FL. The light shielding ring 679 in the shape of an annular
ring has an inside diameter greater than the diameter of the
semiconductor wafer W and smaller than the outside diameter
of the temperature equalizing ring 371. The light shielding
ring 679 has an outside diameter approximately equal to the
outside diameter of the temperature equalizing ring 371.

Inthe seventh preferred embodiment, such a light shielding
ring 679 is provided in a vertical position lying over the
temperature equalizing ring 371 and spaced a predetermined
distance apart from the upper surface of the annular portion
372. The light shielding ring 679 is provided fixedly on the
inner wall of the chamber 6. The remaining parts of the
seventh preferred embodiment except the light shielding ring
679 are identical in configuration with those of the fourth
preferred embodiment.

The seventh preferred embodiment is also similar in pro-
cedure for the treatment of a semiconductor wafer W to the
fourth preferred embodiment. In the seventh preferred
embodiment, the preheating using the halogen lamps HIL. and
the flash irradiation from the flash lamps FL as in the fourth
preferred embodiment are performed on the semiconductor
wafer W supported in a horizontal attitude by the temperature
equalizing ring 371 fitted on the support ring 375.

This also produces effects similar to those of the fourth
preferred embodiment. In addition, the light shielding ring
679 opaque to flashes of light (i.e., which does not allow
flashes of light to pass through) is provided over the tempera-
ture equalizing ring 371 in the seventh preferred embodiment.
Thus, at least part of the upper surface of the temperature
equalizing ring 371 is shielded against flashes of light by the
light shielding ring 679. This reduces the thermal expansion
itself of the surface of the annular portion 372 during the flash
irradiation to suppress the vibrations and jumping of the
temperature equalizing ring with higher reliability.

Eighth Preferred Embodiment

Next, an eighth preferred embodiment according to the
present invention will be described. A heat treatment appara-
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tus according to the eighth preferred embodiment is similar in
overall configuration to that according to the fourth preferred
embodiment. The eighth preferred embodiment is also simi-
lar in procedure for the treatment of a semiconductor wafer W
to the fourth preferred embodiment. The eighth preferred
embodiment differs from the fourth preferred embodiment in
the structure of the holder 307 and in the technique of thereby
supporting a semiconductor wafer W.

FIG. 21 is a side view of the holder 307 according to the
eighth preferred embodiment. Like reference numerals and
characters are used in FIG. 21 to designate components iden-
tical with those in the seventh preferred embodiment. The
holder 307 includes a temperature equalizing ring 871 and the
support ring 375. The temperature equalizing ring 871 is
substantially similar to the temperature equalizing ring 371 of
the fourth preferred embodiment, but has an inside diameter
slightly greater than the diameter of a semiconductor wafer
W. Specifically, the temperature equalizing ring 871 in the
eighth preferred embodiment is also a member in the shape of
an annular ring surrounding an edge portion of a disk-shaped
semiconductor wafer W, and includes an annular portion 872
and the reinforcing portion 373. As in the fourth preferred
embodiment, the temperature equalizing ring 871 is made of
silicon carbide.

The annular portion 872 in the eighth preferred embodi-
ment is also a planar member in the shape of an annular ring,
buthas an inside diameter slightly greater than the diameter of
the semiconductor wafer W. Thus, the inner peripheral edge
of'the annular portion 872 in the shape of an annular ring is in
close proximity to the edge portion of the semiconductor
wafer W in non-contacting relationship. The annular portion
872 has an outside diameter greater than the diameter of the
semiconductor wafer W. Thus, the annular portion 872 is in
close proximity to the edge portion of the semiconductor
wafer W to surround the edge portion. The reinforcing portion
373, on the other hand, is a cylindrical member provided in
continuation to the outer peripheral edge of the annular por-
tion 872 as in the fourth preferred embodiment.

In the eighth preferred embodiment, the semiconductor
wafer W is not supported by the annular portion 872 of the
temperature equalizing ring 871 because the inside diameter
of the annular portion 872 is greater than the diameter of the
semiconductor wafer W. For this reason, the total of four lift
pins 12 of the transfer mechanism 10 support the lower sur-
face of the semiconductor wafer W in the eighth preferred
embodiment. The annular portion 872 of the temperature
equalizing ring 871 is in close proximity to the edge portion of
the semiconductor wafer W supported by the lift pins 12 of the
transfer mechanism 10 to surround the edge portion. The
annular portion 872 is parallel to a main surface of the semi-
conductor wafer W supported by the transfer mechanism 10.

After receiving a semiconductor wafer W from the trans-
port robot outside the heat treatment apparatus, the lift pins 12
of' the transfer mechanism 10 in the eighth preferred embodi-
ment support the semiconductor wafer W in a vertical posi-
tion substantially the same as that of the annular portion 872
of the temperature equalizing ring 871. Then, the preheating
using the halogen lamps HL and the flash irradiation from the
flash lamps FL are performed on the semiconductor wafer W
supported in a horizontal attitude inside the annular portion
872 by the lift pins 12. The transfer arms 11 and the lift pins
12 of'the transfer mechanism 10 do not become an obstacle to
the heating using the halogen lamps HL because the transfer
arms 11 and the lift pins 12 are made of transparent quartz.

Thus, the temperature equalizing ring 871 made of'silicon
carbide surrounds the edge portion of the semiconductor
wafer W to prevent the temperature decrease of the peripheral
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portion of the semiconductor wafer W where the temperature
decrease is prone to occur in the stage of the preheating,
thereby improving the uniformity of the in-plane temperature
distribution of the semiconductor wafer W as in the fourth
preferred embodiment.

Also in the eighth preferred embodiment, the cylindrical
reinforcing portion 373 is perpendicularly provided on the
outer peripheral edge of the annular portion 872 which is a
planar member in the shape of an annular ring, so that the
temperature equalizing ring 871 is of an L-shaped cross-
sectional configuration. Thus, if deforming stresses resulting
from the thermal expansion of the surface of the annular
portion 872 are exerted on the annular portion 872 during the
flash irradiation, the reinforcing portion 373 perpendicular to
the annular portion 872 suppresses the deformation of the
annular portion 872. This significantly suppresses the vibra-
tions and jumping of the temperature equalizing ring 871
during the flash irradiation to prevent the creation of particles
resulting from such behaviors of the temperature equalizing
ring 871. Also, the suppression of the vibrations of the tem-
perature equalizing ring 871 prevents the misregistration of
the temperature equalizing ring 871. Thus, the semiconductor
wafer W is supported with reliability.

<Modifications>

While the preferred embodiments according to the present
invention have been described hereinabove, various modifi-
cations of the present invention in addition to those described
above may be made without departing from the scope and
spirit of the invention. For example, each of the support
members 75 in the first preferred embodiment is in a cylin-
drical shape, but may have shapes as shown in FIGS. 12A to
12C. A support member 75 shown in FIG. 12 A has the shape
of'a quadrangular prism. A support member 75 shown in FIG.
12B has the shape of a quadrangular prism which is elongated
rectangular. In either case, such support members 75 each
shown in FIG. 12A or 12B are provided on the support ring 72
so that the axis of the quadrangular prism thereof is inclined
obliquely downwardly from the outside of a semiconductor
wafer W to be held toward the center thereof. The support
members 75 form an angle in the range of 15 to 30 degrees
with a horizontal plane. The inclined support members 75
abut against the outer peripheral edge of the semiconductor
wafer W to support the semiconductor wafer W.

A support member 75 shown in FIG. 12C is configured
such that a protrusion 79 is provided at an edge of the elon-
gated rectangular quadrangular prism of FIG. 12B. Such sup-
port members 75 each shown in FIG. 12C are provided on the
support ring 72 in the aforementioned manner so that the axis
of'the quadrangular prism thereofis inclined obliquely down-
wardly from the outside of a semiconductor wafer W to be
held toward the center thereof. The support members 75 each
shown in FIG. 12C support the semiconductor wafer W in
such a manner that the protrusion 79 abuts against the lower
surface of the peripheral portion of the semiconductor wafer
W to support the semiconductor wafer W.

Each of the support members 175 in the second preferred
embodiment may have a shape as shown in FIG. 13. A support
member 175 shown in FIG. 13 is configured such that a
protrusion 179 is provided at an edge of a support member
175 similar to that of the second preferred embodiment, i.e. at
an edge of the second support 177. The support members 175
each shown in FIG. 13 support the semiconductor wafer W in
such a manner that the protrusion 179 abuts against the lower
surface of the peripheral portion of the semiconductor wafer
W.

Each of the support members 75 and 175 shown in FIGS.
12A, 12B, 12C and 13 supports the outer peripheral edge of
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the semiconductor wafer W. With the semiconductor wafer W
supported at its outer peripheral edge by the support members
75 and 175, the semiconductor wafer W is irradiated with the
halogen light from the halogen lamps HL. This prevents the
local temperature decrease of the semiconductor wafer W to
achieve the uniform heating of the semiconductor wafer W.
The protrusions 79 and 179 support the semiconductor wafer
W to thereby prevent the local temperature decrease of the
semiconductor wafer W with higher reliability. Further, the
support member 75 having the shape of a quadrangular prism
which is elongated rectangular is excellent in strength in the
direction of the thickness thereof.

The support members 75 in the first preferred embodiment
and the support members 175 in the second preferred embodi-
ment are made of silicon carbide. However, the material of the
support members 75 and 175 is not limited to this, but may
include aluminum nitride (AIN), graphite coated with silicon
carbide, and silicon nitride (SiN). Aluminum nitride used
herein may be white or black in color. Graphite coated with
silicon carbide may be produced by CVD-SiC coating. These
materials absorb halogen light better than quartz. Thus, when
the support members 75 and 175 are irradiated with the halo-
gen light from the halogen lamps HL, the temperature of the
support members 75 and 175 increases as the temperature of
the semiconductor wafer W increases. This prevents the local
temperature decrease of the semiconductor wafer W.

The material of the temperature equalizing ring 278 in the
third preferred embodiment is not limited to silicon carbide,
but may include black aluminum nitride, graphite coated with
silicon carbide, and silicon nitride.

The vertical position of the semiconductor wafer W sup-
ported by the support members 75 and 175 may be the same
as that of the support ring 72. However, when the vertical
position of the semiconductor wafer W supported by the
support members 75 and 175 is slightly lower than that of the
support ring 72 as in the aforementioned preferred embodi-
ments, the radiation thermometer 120 receives radiant light
emitted from the lower surface of the semiconductor wafer W
with higher reliability.

In the first to third preferred embodiments, the support ring
72 and the base ring 71 are coupled to each other with the
coupling members 73. However, the base ring 71 is not nec-
essarily required. Specifically, the holder 7 including the sup-
port ring 72 may be provided fixedly in the chamber 6 by
fixing the coupling members 73 directly on the inner wall of
the chamber 6.

The inert gas supplied through the gas supply opening 81
into the chamber 6 while the exhaust part 190 exhausts the gas
is not limited to nitrogen gas, but may include argon (Ar) gas
and helium (He) gas.

The angle formed by the annular portion 372 and the rein-
forcing portion 373 is 90 degrees in the fourth to eighth
preferred embodiments, but is not limited to this. This angle is
required only to be greater than 0 degrees and less than 180
degrees. In other words, it is only necessary that the reinforc-
ing portion 373 is not parallel to the annular portion 372. To
produce the effect of suppressing the deformation of the
annular portion 372 during the flash irradiation, it is however
preferable that the angle formed by the annular portion 372
and the reinforcing portion 373 is approximately in the range
of 30 to 150 degrees.

The temperature equalizing ring 371 in the fourth to eighth
preferred embodiments is made of silicon carbide. The mate-
rial of the temperature equalizing ring 371 in the fourth to
eighth preferred embodiments is not limited to this, but may
include opaque ceramic such as aluminum nitride (AIN) and
boron nitride (BN). Opaque ceramic the temperature of which
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is increased by absorbing halogen light is capable of prevent-
ing the temperature decrease of the peripheral portion of a
semiconductor wafer W in the stage of the preheating. In
consideration for durability to withstand the flash irradiation,
it is however preferable that the temperature equalizing ring
371 is made of silicon carbide, aluminum nitride and boron
nitride.

The support ring 375 in the fourth to eighth preferred
embodiments is made of quartz. The material of the support
ring 375 in the fourth to eighth preferred embodiments is not
limited to this, but may include transparent materials such as
sapphire (Al,O;) which allows the halogen light to pass
through. Alternatively, the support ring 375 may be made of
opaque ceramic such as silicon carbide similar to that for the
temperature equalizing ring 371. However, when the support
ring 375 is opaque, part of the halogen light directed toward
the temperature equalizing ring 371 is intercepted by the
support ring 375 during the preheating. This results in a
danger that the temperature of the temperature equalizing
ring 371 is not sufficiently increased. It is hence preferable
that the support ring 375 is made of a transparent material
such as quartz and sapphire. In particular, it is preferable that
the temperature equalizing ring 371 is made of silicon carbide
and the support ring 375 is made of quartz from the view-
points of costs and durability to withstand the flash irradia-
tion.

Inthe sixth preferred embodiment, the annular portion 372
is provided on the upper edge of the reinforcing portion 373
and the flat portion 374 is provided on the lower edge thereof
(with reference to FIG. 19). However, the positions of the
annular portion 372 and the flat portion 374 may be inverted.
Specifically, the flat portion 374 may be provided above the
semiconductor wafer W supported by the annular portion
372.

In the fifth and sixth preferred embodiments, the protru-
sions are provided upright on the flat portion of the support
ring. However, the protrusions may be provided on the under-
side of the temperature equalizing ring.

Also, the light shielding ring 679 as in the seventh preferred
embodiment may be applied to the fourth, fifth, sixth and
eighth preferred embodiments. In the fourth to seventh pre-
ferred embodiments, the temperature equalizing ring may be
in close proximity to the semiconductor wafer W supported
by the lift pins 12 of the transfer mechanism 10 in non-
contacting relationship as in the eighth preferred embodi-
ment.

In the aforementioned preferred embodiments, the semi-
conductor wafer W is held in such an attitude that the front
surface thereof which is patterned and implanted with impu-
rities is the upper surface. However, the semiconductor wafer
W may be inverted or flipped, i.e. held in such an attitude that
the front surface thereof is the lower surface. In this case, the
back surface of the semiconductor wafer W which is not
patterned is irradiated with a flash of light (backside anneal).

Although the 30 flash lamps FL are provided in the flash
heating part 5 according to the aforementioned preferred
embodiment, the present invention is not limited to this. Any
number of flash lamps FL. may be provided. The flash lamps
FL are not limited to the xenon flash lamps, but may be
krypton flash lamps. Also, the number of halogen lamps HL
provided in the halogen heating part 4 is not limited to 40. Any
number of halogen lamps HL. may be provided.

Moreover, a substrate to be treated by the heat treatment
apparatus according to the present invention is not limited to
a semiconductor wafer, but may be a glass substrate for use in
a flat panel display for a liquid crystal display apparatus and
the like, and a substrate for a solar cell. Also, the technique
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according to the present invention may be applied to the
joining of metal and silicon, and to the crystallization of
polysilicon.

The technique according to the present invention is appli-
cable to a laser annealer which heats a semiconductor wafer
W by irradiating the semiconductor wafer W with laser light.

While the invention has been described in detail, the fore-
going description is in all aspects illustrative and not restric-
tive. It is understood that numerous other modifications and
variations can be devised without departing from the scope of
the invention.

What is claimed is:

1. A heat treatment apparatus for heating a substrate by
irradiating the substrate with a flash of light, comprising:

a chamber for receiving a substrate therein;

a flash lamp for irradiating a first surface of the substrate
held in said chamber with a flash of light;

a halogen lamp for irradiating a second surface of the
substrate with light; and

a temperature equalizing ring abutting against an edge
portion of the substrate to surround the edge portion,
said temperature equalizing ring including an annular
portion, a collar, and a reinforcing portion, said annular
portion being parallel to a main surface of the substrate,
said collar being provided at the inner peripheral edge of
said annular portion and supports the lower surface of
the edge portion of the substrate, said reinforcing portion
being provided in continuation to an outer peripheral
edge of said annular portion, said reinforcing portion
forming an angle greater than O degrees and less than
180 degrees with said annular portion.

2. The heat treatment apparatus according to claim 1,

wherein

said temperature equalizing ring is made of a material

selected from the group consisting of silicon carbide,
aluminum nitride, and boron nitride.
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3. The heat treatment apparatus according to claim 1,

wherein

the angle formed by said annular portion and said reinforc-
ing portion is 90 degrees.

4. The heat treatment apparatus according to claim 3, fur-

ther comprising

a support ring provided fixedly on an inner wall of said
chamber,

said temperature equalizing ring being fitted on said sup-
port ring.

5. The heat treatment apparatus according to claim 3, fur-

ther comprising:

a support ring provided fixedly on an inner wall of said
chamber and having a flat portion parallel to the main
surface of the substrate; and

a protrusion provided on said flat portion and supporting
said annular portion at a distance of not more than 2 mm
from said flat portion.

6. The heat treatment apparatus according to claim 5,

wherein

the area of part of said annular portion opposed to said flat
portion is not less than one-third of the area of the annu-
lar portion.

7. The heat treatment apparatus according to claim 3,

wherein

said temperature equalizing ring includes a first flat portion
extending from said reinforcing portion in a direction
opposite from said annular portion and parallel to the
main surface of the substrate,

said heat treatment apparatus further comprising:

a support ring provided fixedly on an inner wall of said
chamber and having a second flat portion parallel to the
main surface of the substrate; and

a protrusion provided on said second flat portion and sup-
porting said first flat portion at a distance of not more
than 2 mm from said second flat portion.

8. The heat treatment apparatus according to claim 1, fur-

ther comprising

a light shielding member for shielding at least part of said
temperature equalizing ring against a flash of light.
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